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HETERODYNE VS DIODE DETECTION 


by Clayton F.Bane, W6WB 


Some of the circuit techniques developed 
essentially for the reception of sssc signals 
offer distinct advantages to receivers used 
for the reception of conventional AM and CW. 
Noteable in this regard is the use of hetero- 
dyne conversion, from RF to audio, to replace 
the almost universally used diode second de- 
tector or rectifier. 


Villard, in an excellent article, (QST, 
June 1948) pointed out disadvantages of diode 
rectification in the final conversion of a 
modulated signal from RF to audio. One of the 
main objections is the “masking” or “sup- 
pression” effect of a strong AM signal upon 
a weaker one. Stated briefly, when one mod- 
ulated signal is three or four times stronger 
than another, the modulation on the weaker 
signal is suppressed and the strong signal 
takes over. This may be an advantage if one 
is concerned only with strong signals but for 
DX work it is surely undesirable. This sup- 
pression effect is an inherent property of 
the diode rectifier and is dependent upon the 
relative amplitude of the two signal voltages 
appearing at the input to the diode. From 
this, it is readily apparent that the two 
signals do not have to be on the same fre- 
quency since a strong signal several ke re- 
moved can still produce a voltage at the 
diode that is several times greater than that 
produced by the signal to which the receiver 


TI 
4 
| 
| 
| 
! 


A publication for the pres- 
entation of new ideas... 
new metheds . .. new 
products .. . in the asso- 
ciated fields of radio and 
electronics. 


JULY 1951 


is exactly tuned. It is likewise significant 
to note that when two signals of equal ampli- 
tude appear at the diode rectifier, the modu- 
lation on both of them will be heard regard- 
less of the fact that the frequency of the 
undesired signal may be far enough removed so 
that no audible heterodyne can be heard. There 
are certain methods available that will reduce 
these effects,..high adjacent channel selecti- 
vity being one of them.. however there is smll 
doubt but that a change from diode rectifica- 
tion to conversion to audio by heterodyne 
action will provide a much better solution. 


When two RF signals having different fre- 
quencies are combined in a mixer, two entirely 
new frequencies are produced. (This statement 
ignores other higher order products that may 
also exist) One of these new frequencies is 
equal to the sum of the original frequencies, 
the second is equal to the difference between 
them. This principle is utilized in CW recept- 
ion by setting the BFQ to a frequency slightly 
different from that of the I.F. to produce a 
difference frequency within the audible range. 
In the case of a steady carrier without modu- 
lation, if the BFO is set to“ zero beat ” there 
will be no difference frequency consequently 
no audio signal will be evident. Suppose now 
with the BFO set to zero beat, the steady car- 
rier were to be modulated with a 1000 cycle 
tone. Two sidebands will now be present, one 
plus 1 ke, the other minus 1 ke. The 1000 
cycle modulation will produce a 1 ke differ- 
ence between the sideband and the BFO fre- 
quency and the modulating frequency will now 
become audible. If this same steady carrier 
were to be simultaneously modulated with a 
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number of different frequencies, (as in voice) 
all would produce sums and differences between 
their own and the BFO frequency and all would 
become audible. It can thus be seen that a 
phone signal can be readily demodulated by the 
heterodyne process. Further, this system does 
not have the disadvantages of takeover or sup- 
pression effects inherent in diode rectifica- 
tion. Heterodyne conversion is possible with 
any receiver having a BFO and diode mixer but 
unfortunately, demodulation by rectification 
takes place simultaneously and the advantages 
are lost. For rectification to be negligible 
in comparison to heterodyne conversion, the 
strength of the BFO must be perhaps ten times 
greater than that of the carrier. There are 
thus two definite requirements for successful 
heterodyne conversion; elimination, (or sub- 
stantial reduction) of rectification and a 
stable beat oscillator with plenty of “whoop”. 
It would seem far more practical to make up a 
Simple converter unit rather than to attempt 
to make changes in an existing receiver .The 
circuit for such a converter is shown.(Fig.1) 


It is unfortunate but true that any non- 
linear device that functions as a mixer to 
combine two frequencies will also produce a 
signal by rectification action. Villard, (and 
others) have gotten around this unwanted char - 
acteristic by using a circuit that effectively 
cancels the audio produced by rectification 
yet has no effect on that produced by hetero- 
dyne action. Our circuit is quite different 
but equally effective. Space does not permit 
a detailed explanation of the circuit other 
than to state that it utilizes a balanced 
“ring” bridge which, in conjunction with the 
beating oscillator, acts to cancel the audio 
produced by rectification as well as the BFO 
frequency. Ideally, the output signal will be 
solely due to heterodyne action...practically, 
this is never entirely true since the four 
crystals will never be exactly matched nor is 
it likely that perfect balance-to-ground will 
be achieved: in input and output transformers. 
Practical results however should be excellent. 


The input of this unit should be connected 
to the plate side of the diode in the recei- 
ver and if it has its own audio stages, (rec- 
commended) there will be no need to remove the 
diode from its socket nor to do anything to 
the receiver except to set back the AF gain. 
The input to the unit must be held below the 
point of noticeable distortion which can re- 
sult from excessive clipping action of the 
diodes in the ring when input signal Jevels 
are too great. If the receiver AVC is to be 
used, coupling to the converter must be de- 
creased by reducing the size of the coupling 


Capacitor or by adding a series resistor. 


The diodes in the ring should all have 


approximately the same foreward resistance. 


(this can be checked with an ohmmeter). If 
their resistance is not the same, (within 


about 5%) the bridge will not be in balance 
and cancellation will be incomplete. 


Rectification voltage produced by the in- 
Coming signal is balanced out by removing the 
HV from the beating oscillator and then ad- 
justing the balancing capacitor C3 for a mini- 
mum signal. (Primary and secondary of Tl are 
first tuned to the I.F. frequency of the re- 
ceiver by suitable adjustment of tuning slugs) 
A complete balance is unlikely but it should 
be possible ta reduce the incoming modulated 
signal to a very low level. Supplemental bal- 
ance is achieved by adjusting Rl in conjunct- 
ion with balancing capacitor C3. 


The capacitive center-tap on Tl is readily 
obtained by using two fixed micas in series, 
each with a value twice that of the capacitor 
originally used to tune the secondary. Slug 
tuning of primary and secondary is necessary. 
Since the two fixed capacitors will nearly 
always differ in value, the balancing capaci- 
tor is connected across the capacitor which 
has the lesser value. This can be readily de- 
termined ‘since when C3 is connected to the 
Correct side of the secondary a null can be 
obtained...when on the wrong side, C3 will 
have no effect upon the balance. 


C4,C5 and CH1l make up a “constant k” low- 
pass filter having a cutoff frequency equal to 
approximately 3000 cycles. This filter will 
attenuate harmonics and spurious products gen- 
erated in the diode ring and is a necessity. 


Since the levels into the input audio amp- 
lifier are quite low, hum pickup is a distinct 
possibility...the most likely offenders being 
transformer T2 and choke CH1. By all means, 
keep the unit far removed from power or fila- 
ment transformers. Proper orientation of T2 
and CH1 may likewise prove helpful.A multiple 
shielded transformer and a toroid choke will 
of course be the ideal combination. 


The highly stable Clapp circuit is used 
for the beating oscillator and its operation 
should be entirely straightforward. The in- 
ductance we used is one of the slug-tuned 
coils from a 456 ke I.F. transformer and in 
most instances these windings are shunted by 
a fixed mica, normally 85 or 100 mmf. The 
same value of capacitor should be used in the 
oscillator, (in series however) and a small 
variable is used across it to facilitate tun- 
ing. The frequency of this beating oscillator 
must of course be the same as the I.F. of the 
receiver with which the unit is to be used. 


A converter of this type has been in use 
at W6WB for the past three years and during 
this period has repeatedly proven its ability 
to perform on weak phone and CW signals in the 
presence of strong-signal QRM. Also, since it 
provides a strong carrier exceJlent results 
will be obtained in ssse reception. 
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